A best evidence topic in cardiac surgery was written according to a structured protocol. The question addressed was: is there a difference in cardiothoracic surgery outcomes in terms of morbidity or mortality of patients operated on by a sleep-deprived surgeon compared with those operated by a non-sleep-deprived surgeon? Reported search criteria yielded 77 papers, of which 15 were deemed to represent the best evidence on the topic. Three studies directly related to cardiothoracic surgery and 12 studies related to non-cardiothoracic surgery. Recommendations are based on 18 121 cardiothoracic patients and 214 666 non-cardiothoracic surgical patients. Different definitions of sleep deprivation were used in the studies, either reviewing surgeon's sleeping hours or out-of-hours operating. Surgical outcomes reviewed included: mortality rate, neurological, renal, pulmonary, infectious complications, length of stay, length of intensive care stay, cardiopulmonary bypass times and aortic-cross-clamp times. There were no significant differences in mortality or intraoperative complications in the groups of patients operated on by sleep-deprived versus non-sleep-deprived surgeons in cardiothoracic studies. One study showed a significant increase in the rate of septicaemia in patients operated on by severely sleep-deprived surgeons (3.6%) compared with the moderately sleep-deprived (0.9%) and non-sleep-deprived groups (0.8%) (P = 0.03). In the non-cardiothoracic studies, 7 of the 12 studies demonstrated statistically significant higher reoperation rate in trauma cases (P <0.02) and kidney transplants (night = 16.8% vs day = 6.4%, P <0.01), as well as higher overall mortality (P = 0.028) and morbidity (P <0.0001). There is little direct evidence in the literature demonstrating the effect of sleep deprivation in cardiothoracic surgeons on morbidity or mortality. However, overall the non-cardiothoracic studies have demonstrated that operative time and sleep deprivation can have a significant impact on overall morbidity and mortality. It is likely that other confounding factors concomitantly affect outcomes in out-of-hours surgery.
INTRODUCTION
A best evidence topic was constructed according to a structured protocol. This is fully described in ICVTS [1] .
THREE-PART QUESTION

In [surgeons performing cardiothoracic surgery], is [sleep deprivation] significant in its impact on [morbidity or mortality]?
CLINICAL SCENARIO
A 55-year old patient had failed percutaneous coronary intervention the previous day due to a complex coronary lesion and longstanding left ventricular dysfunction. The cardiologist asked you to review the patient urgently for emergency coronary artery bypass graft (CABG). You are considering performing the procedure having just finished a busy night on-call. You feel you are alert and competent to undertake the procedure but you wonder whether lack of sleep can impact on your patient's overall clinical outcomes and whether in the future you should not perform the operation in such situations. You decide to check whether there is any formal evidence on the topic. the reminder, 10 papers represented the best evidence covering general surgery, vascular, transplantation and obstetrics and gynaecology (Table 1) .
SEARCH STRATEGY
RESULTS
The definition of sleep deprivation varied widely among studies. In some studies, sleep deprivation was taken to be equivalent to out-of-hours work, irrespective to the number of hours slept and others defined it by number of hours slept. Only specified studies looked at actual duration of sleep deprivation. Outcomes for out-of-hours work maybe confounded by other limitations. Factors such as reduced staffing levels, reduced access to resources, in particular intensive care. These important factors could have also been a limitation in several of the studies that reviewed outcomes in terms of operative time rather than the surgeon's hours of sleep.
Chu et al. [2] reviewed prospectively outcomes in 4047 patients who were operated on by 6 consultants and residents, aged (32-55 years). They collected a sleep diary from the participants and deemed sleep-deprived (SD) surgeons those who had 3-6 h of sleep (moderate, MSD) and 0-3 h of sleep (severe, SSD). Control group were surgeons with more than 6 h of sleep who were considered non-sleep deprived (NSD). Septicaemia rate was significantly higher in patients operated on by SSD surgeons (3.6% SSD; 0.9% MSD; 0.8% control group, P = 0.03). No other differences were found.
Ellman et al. [3] reviewed outcomes of 6751 cardiac operations performed by attending cardiac surgeons over 9 years. SD was defined as a surgeon carrying out an operation between (10 pm and 5 am) or operation ending between (11 pm and 7:30 am) and then performing a subsequent operation 24 h later. Of note, 5% of cases were operated on by a SD surgeon and 95% by a NSD surgeon. CABG was performed in 66% SD vs 65% NSD. There were no differences in any operative complications, intensive care unit stay or mortality. Ellman et al. [4] retrospectively reviewed 7323 thoracic surgical cases over 10 years. SD surgeon was defined as per the above criteria. SD surgeons performed n = 229 (3%) vs n = 7094 (97%) by NSD. There were no differences in the morbidity or mortality rate between the groups.
In studies reviewing outcomes in non-cardiothoracic patients (n = 214 666), 7/12 studies demonstrated a significant association between out-of-hours operating and surgical outcomes. There was increase in complications and mortality [5, [10] [11] [12] [13] [14] 16] . Ricci et al. [5] is the only prospective study carried out on outcomes in trauma patients undergoing femoral and tibial nail fixations. The results demonstrated increased frequency of reoperations (P <0.02) and removal of painful hardware in the after-hours femoral fracture group (P <0.02).
Kienzl-Wagner et al. [6] evaluated 873 renal transplant patients (n = 610 daytime vs n = 263 nighttime). There were no differences in acute, chronic graft failure, overall complication rate or survival at 1 and 5 years. Vinden et al. [7] evaluated 10 390 patients. Matching 8312 patients morning procedures (laparoscopic cholecystectomy) to 2078 operations performed by the same surgeons post-night shift with a ratio of 4 : 1. There were no differences in mortality 0.2 vs 0.1%, P = 0.57; conversion to open surgery (2.2 vs 1.9%, P = 0.33) or iatrogenic injury 0.7 vs 0.9%, P = 0.37).
Yaghoubian et al. [8] evaluated outcomes in 2016 laparoscopic cholecystectomy and appendisectomy patients out-of-hours or during daytime. There were no differences in morality 0 vs 1%, P = 1, operation duration 60 vs 58 min, P = 0.9 or complications 2 vs 1%, P = 0.1. The same group looked at trauma outcomes [9] N = 1432. There were no differences in mortality 13.5 vs 10.6%, P = 0.1. However, the complication rate was high in the day group 20% vs nighttime group 15.6%, P = 0.04 (including pneumonia, respiratory and renal failure).
Lonze et al [10] evaluated 578 liver transplants. There was a higher 7-day mortality (day 2.8% vs 6.3% night, P = 0.023), 30-day mortality odds ratio (OR): 1.86, P = 0.08 and 5-year survival OR 1.86, P = 0.05 in favour of the day group. There were higher vascular complications in the night group vs the day group (14.2 vs 9.5%, P = 0.03) and wound complications (12 vs 13.7%, P = 0.04). However, the study authors concluded that increased mortality and complications at night could not be correlated with fatigue or SD. It is likely that other multifactorial causes are important in determining the final outcome.
Kelz et al. [11, 14] evaluated 144 740 patients undergoing nonemergency general surgical and vascular operations. Mortality was no different in the out-of-hours group but morbidity increased when operations were performed between 4 pm and 6 am (P = 0.005). A subsequent retrospective study was carried out by the same team that reviewed both emergency and non-urgent general surgery and vascular procedures in the private sector that were entered in a National Surgical Quality Improvement Program database (2001) (2002) (2003) (2004) . They concluded that operative time influenced both mortality and morbidity. Night emergency cases were found to have higher adjusted morbidity (OR: 1.32, P <0.0001); furthermore, night elective cases were found to have increased mortality (OR 1.752, P = 0.028).
Rothschild et al. [12] evaluated outcomes in obstetrics and gynaecology (n = 957), and surgery (n = 876), performed by a surgeon completing the previous night's shift. Control included cases carried out by the same surgeons during regular working hours without having a preceding night shift (n = 7497). They further categorized groups according to SD. Out-of-hours operating did not impact on any outcomes but SD did. Surgeons with ≥6 h had a significantly higher complication rate (OR 1.72, P = 0.04).
Fechner et al. [13] reviewed 260 renal transplants comparing daytime with nighttime operating. There was an increased rate of reoperations (nighttime 16.8% vs daytime 6.4%, P <0.01). On multivariate Cox regression analysis of graft survival, reoperations independently adversely affected outcomes (OR 2.91, P <0.05). The risk of vascular stenosis and leak was higher in nighttime 8.5% vs daytime (1.6%, P <0.01).
Schieman et al [15] evaluated 270 colorectal cancer resections and found no differences in mortality (day 1.2% vs night 0, P = 0.6), intraoperative complication rate (day 18% vs night 55%, P = 0.27), long-term complications (day 31% vs night 31%, P = 0.9) or cancer recurrence.
Haynes et al. [16] reviewed all surgical cases (N = 6371) performed by surgeons who had performed procedures post-night shift compared with those done by surgeons who had not preceded an on-call. The control group consisted of different surgeons. There was higher complication rate in cases done by the post-on call surgeons. They were 45% more likely to have postoperative complications when performed by post-on-call (P <0.02).
The impact of fatigue on professionals has been widely reported and certain of the surgical studies discussed above have raised awareness on the implications for outcomes. The neurobehavioural effect of fatigue and lack of sleep has even been compared with blood alcohol concentrations [17] . Continuous work for 18 h is equivalent to a blood alcohol concentration of 0.05 g/% (equivalent to 2 units, depending on body weight) and 24 h is 0.10 g/% 2.1% SD, 3.1% NSD (P = 0.6) 0% SD, 4.7% NSD (P = 0.4) 14.3% SD, 7.3% NSD (P = 0.2) 20% SD, 9.4% NSD (P = 0.07) P = 0.7 P = 0.6 P = 0.7 P = 0.1 P = 0.8 P = 0.8 P = 0.9 P = 0.9 P = 0.8 Other outcomes Operation to discharge time Blood products Cardiopulmonary bypass time Aortic cross-clamp time 2% SD, 3% NSD (P = 0.3) 4% SD, 4% NSD (P = 0.6) 13% SD, 8% NSD (P = 0.4) 16% SD, 10% NSD (P = 0.1) P = 0.4 P = 0.6 P = 0.9 P = 0.1 P = 0.8 P = 0.6 P = 0.8 P = 0.9 P = 0.6 Mortality and complication rate were the same in SD and NSD cases After hours 27% vs Day 3%, P <0.02
After-hours femoral nail fixation was associated with an increased frequency of removal of painful hardware and associated reoperations compared to Day. This is There were no differences in rates of overall morbidity and mortality for day vs night time operations 7 am to 4 pm = 1.95%, 4 pm to 6 pm = 2.51%, 6 pm to 11 pm = 4.61% (P <0.000) 7 am to 4 pm = 1.67%, 4 pm to 6 pm = 2.91%, 6 pm to 11 pm = 3.51% (P <0.0001) 7 am to 4 pm = 1.55%, 4 pm to 6 pm = 3.24%, 6 pm to 11 pm = 7.02% (P <0.0001) 7 am to 4 pm = 1.26%, 4 pm to 6 pm = 1.26%, 6 pm to 11 pm = 3.29% (P = 0.0006) 7 am to 4 pm = 0.29%, 4 pm to 6 pm = 0.40%, 6 pm to 11 pm = 1.32% (P = 0.0007) 
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CLINICAL-BOTTOM LINE
In cardiothoracic surgical operative outcomes, there is little good evidence that sleep deprivation leads to adverse outcomes. From the general surgical literature, there is increasing evidence on the effect of out-of-hours work leading to higher complication rate and mortality. It is difficult to attribute this solely to the surgeon's SD. Sleep deprivation may potentially be a significant risk to patient safety, which requires further prospective randomized evaluation.
Funding
No funding was sought or obtained.
Conflict of interest: none declared. 
